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(57) Abstract 

Amethod and meansfor providing^ 
using cell culture techniques followed by transfer ^^^^SS^SS^^SSS!^ and vLcSlarization takes 
men! growth and function, after growth and vasc^rua joa ^Onoe *e J*^^*^ yascalar rad raa trix elements 
place, the resulting organ is a blend of fce parenchymal elements of £° *5"**"^^ M using a material and shape 
of ttw host A key element of the > .uefcodb the . *g, ^^S^^^SSents, wlstes and gases occurs 

J^dS^^^ 
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«f islet cells through injection of 
X transplantation of -1 ^ 

2 isolated clusters of ^ bed of 

3 circulation, with implantation in the v 

I the iiver. More recent experimental methods have 

4 the liver. ' MT ,- reat ic beta cells to 

5 included encapsulation of pancreatic b 

o j-uvx • t and xnDectxon or 

6 prevent iamune attack. by the host an 

7 Ltalbeta cells beneath the capsule of the kxdney. 

7 iecai w= . - • « " ^ e hor t term function, 

8 Although there. is evidence of short 

V *!« results have been less satisfactory (0-K.R. 

9 lono term resuxto ** ~ 0 -, * w n v v 
10 sutlerland, Dlab^toloaia 20, 161-1*5 (1981. . D.E.*. 

II »' MM °° «1 9 81)>, Currently 
i3 whole or 3 an pancreatic transplantation xs the 

» Preferred ■ fllseases Hblch cause 

- A - There are axso iu«**jr 

■ * * uver ultimately causing 

m sionificant scarring of the liver, ui^ 

! ^« failure There are no artificial support 

16 hepatic failure. absence of 

17 systems for liver failure, so that, m the a* 

18 a successful transplant, liver failure always resets 
X Ltbe death of the patient. It has been estate* 

20 ^at 30,000 people die of hepatic failure every year 

. j. ^jL 0 *. a cost to society ox si* 

21 in the United States , at a cost 

22 billion, dollars annually. . 

„ . There are many diseases vhich are termed inborn 

* v A n fi m« including . genetic defects that 

24 errors of metabolism , incxuai^y y 

25 result in defects of protein metabolism, defects of 

26 amino acid metabolism, defects of carbohydrate 

27 metabolism, defects - of- pyrimidine and purine 

,< /■-■F^ts of lipid metabolism, and defects 

28 metabolism, defects oz iipx^ a.*™ 

- ot mineral m .tabolis». * ~— ' ° f 

disease, are' based In defects vithin the liver itself. 
„any or these patients have a structurally noraal 
liver or reasonably normal liver; at the time diagnosis 
is made. Many of the diseases, in fact, do not dama„e 
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F or example, in the Baltimore area during 1973 

1 large. For exampj. „».. for -all alcoholic 

2 the age adjured incidence *° r ^ 20 years 
liv er —ases per 100,000 Pop U la tl on o« 

in -x for white males , x^-o 
4 were: 36.3 for wnxt nonwhite 

for nonvhite males, and 25. "4 



3 
4 
5 
6 
7 



" fi females The morbidity for liver cirrhosis has been 
rented to be twenty-eight time, higher among serious 
Cem drLcers than amongst nondrinHers in a survey 

8 problem d « nke " - s a dire ct correlation 

9 o« factory workers^ ^ere ^ ^ 

10 between the amount of *oo ^ ^ 

tl incidence of «**"^ ^ oo)mtry to c9U ntry, 
„ cirrhosis vary greatly f ^ ^ ^ 

» ranging from 7 v * per ^. „. s . , the trend has been 

" T'^Vln - i^ing — - — iC 

15 alarming » terms _ deat hs from 

16 cirrhosis and death. Between 1 aeaths 

17 cirrhosis in the U.S. increased b, 71.7* «h 

18 from cardiovascular diseases decreased by ». Xt 

M time, these patients have no o^ „ steM fer 

20 „ h r/rl Ts TVe^e means for replacement or 

21 which there is no a i example, in the 
,s restoration of lost fundtion. For exampi 

2 3 past loss of the maiority of intestine was a fatal 

24 rendition. Although patients can now - supported 

25 tetany with nutrition supplied via the vein. «*U - 

' .v«if-«av technology" because oc 

26 thought of as * 

27 ^ "^nrthal "« ttme. many patients on total 
One problem is watr - . r 

29 parenteral nutrition develop, irreversible liver 

3, disease and. die of their liver J^ s 

M ., severe blood stream infectxons 

r^g Jffi -XIi — - 

rewiring available veins and 



31 

33 They may eventually lose all available 

34 succumb of malnutrition or die of infection. 
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Selective cell transplantation of only those 
' parenchymal elects necessary ^ 

5 6 active .eatu.es, 

7 with its attendant blood loss, 
B circuities, ana complications. Xt replaces only 
\ those ceils which supply the needed function and. 
9 those ce ^ passenger leukocytes, antigen 

10 therefore , problems * • . . . „„ 

H presenting cells,; and other ceil W>« which may 

12 promote the rejection process are avoided. 

" p ,, .„,„,„ provides another set of 

13 techniques of cell culture pro 

14 tools to aid in the transplantation process Jhe 
IS- ability to expand cell nu^ers 

cells in culture, in theory, . al.o«s 

" lutotransplantation of one's own tissue -« «^ 

18 -hepatocyt. injections into the portal . 

19 been attempted to support hepatic functxon * recent 

20 novel approach in which hepatoses were attached to 

21 collagen coated Aerocarrier heads prior to injection 

22 Into the peritoneal cavity demonstrated successful 

22 into « e ot the implanted hepatocytes, 

23 implantation, vxabillty of the xmpxau 

, ^.^^.a bv A.A.Demetriou.et.al., 

24 and function, as described ny " 

25 Sciensa. 233,1190-1192 11986) . 

" Loss of other types of organ or tissue function 

27 such as muscle or nervous tissue can also lead to 
2S deforming illnesses and social tragedies . ** e **^* £ 

29 muscle and- nerve transfer have been 

30 surgeons through the last fifty years which are 

31 ingenious in design. An example of a technique for 

32 restoring nerve function has been to string dead nerve 

33 "here from nerve centers . to places with lost nerve 

34 function. Many other disorders of the nervous system 
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X s*in-e,uivale n t. «... Patent Ho. 4.0.0.0.1, to Yannas 
\ et al discloses a multilayer membrane useful as 

3 



0 »- ai. aiscios-cs «. • 

^tio «n~ i. *«- aa inB :r ie in n ;re 

4 immunogenic material which 1. -ndegr *^ 

9 presence of bod, fluids and enzymes, -J"* 

. 4fM 0 f collagen and a 

6 linked composites of Batetia l 

7 mucopolysaccharide , overlaid wirn a 

. such a, a synthetic polymer- for controlling J» 
. moisture flux of the overall membrane. «- S ' Ea "^ 

10 Ho 4 to Yannas et .1. discloses a process for 

12 lattice formed from collagen cross lin* 

13 glycosaminoglycan is seeded with epidermal cell*. 

X disadvantage to the first two methods is that 
- — matrix is formed of a- "permanent" synthetic 



15 tne 
16 



polymer - Patent - a feature- « 

17 of the two prior patents has, ^^^f^ 
- _ „„„ be formed of any shape, using w« 

i « - — — - «• 

ao X OnfortunateXy. there is a lacX of «-*^ 

,1 the composition and configuration of the latter 

aa matrices .ince they are primarily based on collagen 

23 Further, since collagen is degraded by enzymatic 
l!tlon r «s well as over , time by hydrolysis, the 

34 action as well a „„« ov er the matrix 

S5 degradation is guite variable. Moreover, tne 

a. is completely infiltrated with cell, and 

27 the absence of . the moisture controlling polymer 

20 ov erlay only when it is grafted onto the patient and 

" ZIltLies have formed a vascular network through the 

30 entire thickness of the matrix. ,he limitation of 

31 "ese matrices as a function of diffusion i. discussed 
3 a in the article by Yannas and Burke in 

33 feUaiguMSsJak. ' «■-•* < l980 > ^ P " e "; 

34 Although the authors recognized that the pore size and 
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i. n.rves and muscles, which functionally 

I blood vessels, nerves, »«» - 

, resemble the naturally occurring oraan . 

3 It is a further object of the present invents 

! to provide a nethod and means for desxgnmg. 

* W utilizing artificial matrices as 

5 constructs and utilizing rowtn md 

6 temporary scaffolding for cellular 

7 ^lantation^ ^ ^ ^ ^ 

, provide biodegradable, non-toKic matrices which ca.be 
10 utilised for cell growth, hoth in. v^ and in. ^ 

II as support structures in transplant organs mediately 

„ ---f-r^.- of the present invention to 

14 provide a method for configuring and constructing 

" biodegradable artificial matrices such that they not 

« only Provide a support- for eel! growth but allow and 

17 enhance vascularization and differentiation of the 

is crowing cell mass following implantation. 

18 ^ of the invention to 

provide matrices in different configurations so that 
cell behavior and interaction with other eell «;= e " 
spates, and molecular, signals can be studied is. 



19 
20 
21 
22 

23 vitro 



24 

25 



gtmniflyy of invention 



The present invention is a method and means 

26 whereby cells having a desired function -^LT 

27 polymer scaffolding using cell culture techniques, 
" fo^e, by transfer.of the polymer-cell scaffold into 

a patient at-a site appropriate for attachment , growth 
Ld function, afte,. attachment 

produce a functional organ equivalent. Success 
depends on the ability of the . implanted cells to 
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„ M so as to produce uniform cell growth and 

. 125 000.000 cells and still Provide access of 

6 nutrienW to allot the cell.. Another advantage of 
\ ^biodegradable material is that compounds may b e 

7 the. diomb matrlx for slow release during 

8 ^°«" d 1 Por example, nutrients, 
, degradation of the matrix „ de . 

„ growth factors, inducers of fieoreti<) „, 
w differentiation. P«^=« ^ 

12 immunomodulators, inhibitors . 

regression factors, biologically active compounds 
regression ingrow th of the lymphatic 

which enhance or axxow 

*4^r.« and drugs can be incorporated 
network or nerve fibers, and drug 

into the matrix or provided in conjunction with the 
^in solution or incorporated into a second 
18 biodegradable polymer matrix. 

" cells of one or -ore types can he selected and 

20 grown on the -strix. _ The matrix structure ^ the 



13 
14 
15 
16 
17 



« rel^h of t^ -nd conditions under which the cells 

«• blsis for each type ef cell by measuring cell 

24 a^cnlt <only viable cells re„ain attached to the 

25 pdymers,. — * °* Proliferation an d percent 
a6 lece.sful engr.ftt.ent. Espies of cells ™ 

2 7 suitable for tapiantation include hepatocytes and bile 

28 duct cells, i.l.t cell, of the pancreas P«^«£ 

29 cells, thyroid cells. cells . of the adrenal 

30 hSthal.ic-pituitary axis including horaone-Producing 
3! gT.d.l cells, epithelial cells, nerve cells, heart 
» muscle cells; blood vessel cells, l^hatic vessel 
33 cells. Hidne, cells, and intestinal cells, cells 
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3 present invention - rrn/e^e: CD the 

4 diagram, a liver, P ^ harvested, 

6 dispersed, and seedec (2> a 

7 culture, where -"^^J^t stiBalat e growth 
. partiaX ™ ^-ceXX scaffoXd is 
, of the transplant and. ^ „e« 

10 then implanted into r9 .bsorptio» of 

U neovascularization, cell growth, en 

12 the poller .atri* atructures of polymers 

Eig ure 2 are t he c* ^ cellular 

14 which have been used DoXy orthoester; and 

15 Matrices: .(a) poXygaXactm, lb) PoXyor 

16 (O polyanhydride. ^onstratina the sXow 

Figure 3 is « fro m the 

18 release of biologicaXXy active factor 

19 poXymer matri*. ■ o£ a techn igue to stud, is 
a0 Figure 4- is a diagram ^ ^ polymers, 

21 vitro morphogenesis using Bxoaeg* 

22 cells, and matrix. ,, 72xl of hepatocytes 

Figure 5 is a photograph (172x) of v 



24 



23 IT f^/s ofTor y ;;rcti; «o ***** * — 

"tT ^ .re stained with H.»eto*yXin and 

25 culture - Ceixs «"•«= 

26 Eosin. . t ' epithelial 

27 Figure 6 is a photograph ox bile duct P 
2 tHbers for one month. 

cells cultured on polymer « implant of 

rtmire 7 is a photograph (172X> or an * v 

29 Figur e 7 is p ome ntum. The 

30 hepatocytes from an adult rat d 

n <»*i.nt has been in place j-"*- 

31 polymer-cell implant na he althy and several 

^f*-- Hepatocytes are heaitny 

32 before sacrifice, n p vessels are 

33 mitotic figures can be seen. 
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Figure 14 is a photograph of bovine aortic 
\ endothelial cells attached to poly- fibers after one 

3 month £ ^ .. ph . ae contrast photomicrogarph 

5 showing polymer fibers coated with Bouse fetal 

6 fibroblasts. ^e fibroblasts can be seen string 
\ 1 the poller fibers in a straight line onto the- 

8 9 """^U.* a Phase contrast phonograph of 

10 poller fiber, coated with »o««e f ^T^ 

11 Lese fetal fibroblasts have migrated off of the 
» ^lyler through media and have attached at the bottom 
-\% of the tissue culture plate. 

" Figure 17 is a scanning electron micrograph 

15 (472*1 of a polyanhydride fiber immersed in a 

« phlsPhate buffer solution, indicating that ^ers ion 

X, of polymer fibers in differing buffers can alter the 

17 P ,^,„ ,-4 therefore, influence cell 

18 polymer surface ano., 

19 attachment and differentiation. ; - 
" figure 18 is . a scanning electron micrograph 

2 1 <4,3s> T poly»« «b«s coated with » 

22 showing that the poller fibers can be coated wxth 
cell adhesion agents to increase cell attachment. 

Figure 19 is « perspective drawing of 
bioabsorbable polymer fiber used for growth of nerve 



23 
34 
35 

» C6llS ' Figure 30a is a plan drawing of polymer spicules 
24 seeded with heart muscle cells and implanted on the 



29 myocardium of the heart. ' 

30 Figure 20b is an enlarged plan view of 

31 spicule, as shown in Figure 20a. 

32 Figure 21a is a cross sectional vxew of wells 
.33 containing various thicknesses of collagen (0,3-0 mm. 
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1 are Placed and the degree of alteration which they 

2 have undergone. : Wanted in volumes 

3 Tissue cannot be xmplantea 

3 ~~ *-n fhree nun 3 # because 
a ^ af -pr than approximately one to . three nun 

4 greater than PP bv diffusio n , until new blood 

5 ^r^l a - ^ disLce is the maximum 

: nrrce f :r e ; z« — ca n — 

3 angiogenesis^occurs^ ^ ^ 

,„d attachment to matrix plays an important 

10 components and attachme function. If 

11 role in cell division and dif ferentiatea run 

12 clssoctated cells are placed into mature tissue as a 

13 Suspension without cell attachment. they may nave a 
««Lult time finding attachment sites, achieving 

\\ clarity functioning because they begin without 

15 polarity, and Thi3 liJ0 its the total number 

16 intrinsic or sanitation. This limi „ iable . t d 

17 of implanted ceils which can remain viable . to 

18 organize, proliferate, and function. . 

19 The latter principle is a Key pomt in the 

20 configuration of the support matrices. For morgan . 

21 ^eTonstructed in tissue culture and subsequently 

22 successfully implanted, the- matrices must have 

23 sufficient surface area and exposure to nutrients such 
Z ttat cellular growth and differentiation can occur 
» Prior to the ingrowth of blood vessels following 

26 Implantation. after implantation, the conf iguration 

27 mutt allow for diffusion of nutrients and waste 
2» products and for continued blood vessel ingrowth as 

29 cell proliferation occurs. ,■,.«, 

30 This method for replacing or supplementing lost 

31 organ function - has a number of advantages over either 

32 Pharmacologic manipulation or transp 

33 organs or parts of organs. Although great strides 

34 have been mad. in these areas, the results of these 
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. . ,o* can be harvested and cultured. The 

1 remaining 10* can ... h1 ™ in culture. The 

„ j in . logarithmic fashion m c 

2 cells expand in a 103 , ultable numbers of cells are 

3 cells are cultured until suitable n iate 

4 achieved, the cells are gro« -to ^ 

5 polymer scaffold, and placed bac* i ^ ^ 

6 he allowed to vascularis, grow 

7 neointestine. f motion replacement, it 

" liblet ££Z a celX-matri* structure 
9 may be possible to con heoatoc , te proliferation 

„ without the absolute J ^ _ ^ 

It in culture. This _ IP nepato cytes can be 

12 observation that a high For eJtaJople , ln 

„ obtained from a small piece - -er.^ ^ ^ ^ 
14 experiments on 250 gm^ats. viabi iity rate 



Q 0$te viaoin^ — 

16 thiSJie ":.. J. 10 * of hepatic cell mass is 



17 



tlloug ht that epa^ ^ ^ 

necessary for e* 11 ■ needed , „ im piant of 



18 necessary — - 

- n 2 <nn of tissue is needed, 
1 q -rat, .x.<2 Q 1 " 



19 rat, .1.2 « ^ ^ assuaes no 

20 approximately 2.5 * children as well 

2 1 pr^f-^^^^f^^.^. An 8 month 
22 
23 



proiirerawuu — - - «4wl« An 8 montn 

- * dults ^T^^S^--^ - 

child has a normal Ixver tisiue 

3S from a biopsy from a the biopa y would 

26 approximately 1500 o>. **« e£ °"' 10 . cb1 1s. 

a7 only be about 1.5* of ^'^ZZJ^^^ 

28 Again, this assumes no prolif x 10 . 

2S M ed a large, biopsy whi.would yield^ _ ^ 

3 nfioien. "d implanted. 

32 host should occur. The resulting^ hep ati 

33 should be adequate to replace needed function. 
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In distinct contrast to the prior art. the 

1 lot uses a temporary scaffolding for 

2 present method uses a Hrtn of ce iis in vitro, 

. no* growth and proliferation of cexxs _. 

3 controlled growtn w functional cells into 

4 foUowed by implantation -* which is 

6 vascularized in vivo that o£ the 

7 Both the 

, or,an whose ^ soaffol aino. as" well as 

9 aesion and ,on.tr«o«~ a „ U3ed 

» «» " nditi0nS ^ t their biolcical 

XX to encourage cells to . ^ ^ 

« potential ana "^" eBbryonic ^ 

X, format ° ' ° teohni<Iue is tardea chimeric 
14 As described herein, 

" —orpnoaenesis. Qf the soaf£o iain g 

16 ™ ^rtance The matrix. should be shapea 

17 is of primary xmportance. ^ aiffU sion 

18 to maximize surface area to alio* a *u 

s ~ir--=i =~ rr 

al aensely paOcea cells can ~« ^ ^ 

„ condition, similar to tho ^ ^ ^ 

34 wherein nutrients and oxyaen factual 

» " Tee" plCr s-cture must 

36 distance for each cell type «» * ^ vllblllty 

» be aetermined e f ir1 ""*' o determination 

and function i>iU» ^J**£ J£ in combination 
for bovine capillary endothelial ceiis i 
witJl collaaen matrix will be described in detail » 
X a subsequent example.^ ^ 

" technics Known to those sKilled in the art of tissue 
culture. once the cells have be fl un to O row and cover 
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10 



, M ™aU, be achieved where nutrient, are supplied 

2 solely by diffusion. invention 
All polymers for use in the prese 
t meet the mechanical and biochemical parameters 

4 " USt t0 « 0 vide adequate support for the cells 

5 necessary to provide aaequ „„ llferat ion. The 
fi «ith subsequent growth and proliferation 

can be characterized with respect to 

7 polymers can be strength using 

8 mechanical = « ^ Heiahi by ae i 

9 an instron tester, for P ym transition 
0 permeation J^, L lori metry 

" 'Trrrtructt e ry infrared «», spectroscopy: with 
" respect to Ecology by ^ greening tests 

" InWng Ames assays and in. '"^H r 

^ Plantation studies in animals tor 

15 assays, and xmplantato.cn and degrada tion 

16 immunogenic^, inflammation, release 

17 studies • . un j tv can be 
„ in vi«p. cell attachment and viability can b 

X assessed using canning electron 

bi.tology. and quantitative assessment 

"^rro^guration of the polymer ***** 

- it: rzrzrjz 

4- *>i«-tr- orowth, organization, ana 
26 support their growm, _ f ce iis, and 

«<»eded with a monolayer ox cej.x», 
on Polymer discs seeaea 

2/ roxj ' ucl - . . ^-tiflfv these needs. 

brane r r ^ ~ s _ 

fo Preferred. - «~ ~ £ 

31 Ti:;rs St V Te'f tr/hLg fibers is based 

H Z r e same Principles which nature has usee . to 

kl0B1 of increasing surface area 
34 solve the problem or 
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«v allow ingrowth of the 

v expounds «hi=h Chance or alio- « ^ ^ 

a lymphatic networK or nerve fibers. ^ 

3 incorporated into t» ' """^"^ in Figure 

4 conjunction with the matrix, as oi g 

5 6 3 ' The branching fibers 14 shown In Fi 9 . 1. when 30 

6 7 microns in diameter - ^ £ 



:r : PU can . - — 



- :r.:;r.; - r ■ 

15 - ^ one or wore cell lines, the 

■ic T« a i-T-ix for attachment of one or 

Alalia is constructed such that initial cell 
17 scaffold^ zs si! par.telv within' the 

: a ^din, may be formed of different Baterials to 

the type of cell and matrix composition, 
the ^ype referred embodiment is 

24 Although the presently preferred , ..^ 

*.,4«. a single cell-matrix structure implanted 

" !\ host there a re situations where it may he 

26 into a host, there a* . ,„ structure, 

27 desirable to use »re than one of 

28 each implanted at the most optimum t — «. « «r "Wth 
2, the attached cell, to form a function!*, three 

29 tne a« from the different cell- 

30 dimensional organ structure trom 

.. — in some situations, it may be 

31 matrix structures. In some „ 

32 desirable to prepare the implantation site y 

33 initially exposing the cells at the sxte to a 
« biodegradable polymer matrix including compounds or 
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1 the 

2 



• e irculation through the hemiazygos 
systemic circulatxo portosystemic 

2 system. If this occurs c . u , which roay 

3 channels through the «pl» * ^ hypert ension, a 

Xiver is structurally normal and can drain 
8 the native liver _ oevteg Q n scaffolds can be 

<"« ctW " would oocur in relation to 

intrahepatic en fl raft»ent "° . ^ native liver 



18 
19 



u intrahepatxc syste.. ™e » -- 

" """/Then be a =bi»era c f patient cells and donor 
13 would then be « t . s billary tree, 

r 5 " 11S T^rV^Z to he successful the 

lnt o the recipient- s co^on hile *£• ^ ^ ^ 

20 b e collected in increments. » P ^ roBatography 

21 an.ly-d b y - * «~ 

22 lookino for -^^^ bein0 converted to 
» !.yer ehro*ato 0 raph y afte^ ^ 

24 aaodipyrroles »Y either with or without 

SS ..odipyrroles J^^^^---^ - 

26 treatment with P fllucuron dete r»ined by 

27 .onoconjugated bilirubin can * 1S ° eMthanoly8i , 

28 t hin layer -"»-~"^ " ~ "eneral. as areater 

30 nosers of f conjuaatea bilirubin will 

31 i„pl.nt. the Beasuri » g ^conjugated 

32 increase. «u .« ^J*^ ba performed in. yASTS. 

33 and dictated b " ed tT lor levels of these bilirubin 



34 by testing the 
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23 with intestinal cells and 
! with ^ at 7 te 2 S ; w . th pancre atic islet preparations. 
2 clusters; and culture , a nd in the case 

* The cells remaxned viable appeared to 

of ^tal intestine and t.t.l *«P 4 dayg in 



3 

4 o£ ie^- po iymer. After « ^» *- 

5 proliferate while on ^ flffoldg were implanted 

. . 0 cell-polymer scaffoias 

6 culture, the cell p * omentum, the 

7 into host animals, either ^ 3 cases 

8 



into »=» ™ ne seutery. " 
interscapular fat pad. or ooupled „ith partial 

o£ £e tal -teatinal ^ - tn the 

h epatecto»y. successful e fl^ ^ ^ ^ ^ 

omentum, one forming . one ua i M adult 

cases of hepatocyte » l «*£ i0 ^„ aXso grafted, 
cells and t„o .usina fetal cells have ^ 
showin* viability of hepatoses, mitot.c 
vascularization of the cell mass. 

Materials and .Methods 

17 polymers: „olvmers were used to 

^ee synthetic absorbable fQr oell 

19 ta brice t . fil-nts and (plfl . 

20 attachment, srrowth. and imp aeve loped as 

21 1- folyalactin. Tnl «~ a 9 0:10 
" . .vnthetic suture material. 

23 

23 



9 
10 
11 
12 
13 
14 
15 

16 



absorbable synthetic S ^JTs manufactured as 
2 3 copolymer of alycolide and lact.de. ^ ^ 

a . Vicryl- braided absorbah ^ ^ „ llliaro , . 

25 S omer,ille. »e« Jersey, (Crai,^ ^ 

26 D a,is £ » l and polyglyeollo *cid Synthetic 
37 Polyolactin 91» (1975)). 

J8 Absorbable Sutures. Mb * „ used 

2 . P olyorthoesters /The ™ raojtaspirot5 . 51 

30 „as: 

31 undecane rat io 2! 1:1. respectively 

3 2 and l.«-hex.ndiol in a » 

33 (SRI. California) (Keller 
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velief 10 mm in diameter and 0.5 mm 

1 branching pattern relief, 

2 thick. ..,,_..(., were drawn from 

C ma-eat -awina- - ame nts ^ 

« the molten • pol*~ M» ^ ^ e3Cperlme nts. 

, of glycolide and lactide converging to a 

7 C ° PO Tase were fashioned fro, suture material of Q- 
« COm °?, " TrayL the braided end of the polymer. 
9 ViCryl fc Ling fiber clusters were approximately 1.0 
£ rLtST ST.— — were 30 microns 

12 in diameter • 

13 Animals: Spr ague-Dawley rats and 

Tom* adult and fetal £J« HllBlnat on. 

1S C57 Bl/« -*» < Charl " m eell aonors £or ,11 

" ** S **tZT Z S animals were housed individually 
17 experiments. water a(J ub/ in(J 

1, allowed access to food ^ 

19 maintained at 12 hour 5 injM ti.= of 

20 Animals were ^^JV^ Chicago, rilinoi.) 
2! — -ita! ^' " and suppleBente d with 

22 at a dose of 0.ut> mg/s Washington 

23 „thoxyflurane "^^-^.J^JL F etal 
a < Crosse. »ew Jersey, by - * oest . tion 

animals were harvested at 13. 17 ^ donor s. 

toruse.. Hver. pancreas, and 
Voung adult animals were used as liver 
donors end as recipients o* <*e 
» matrices. ^ Ca ^ 

31 LiVer! «ter-the induction of anesthesia, the abdomen 

" adult animals was shaved, prepped with 

33 of young adult amma rmrA , m technique. The 

34 betadine. and opened using sterile technicu 



25 
26 
27 

28 donors 
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9 
10 



_♦.-,♦--< on The intact 
, a ni n alsof the appropriate ce ^ ^ 

2 ute rus with -Itiple fetuses was transf 

3 «. . steriie room J--- opene<1 and * 

^ „,.„,> were then transferred to a sterne 

6 pooled, oraans were ^ 

7 hood for cell isolation. The coUa36na3e . and 

8 treated with a 0.025* Type II 
dispersed into cell suspensions. 

'""TfL the induction of anesthesia, the abdonen 
u After the in prepped with 

„ of youn, ^ midlln e usino sterile 

13 betadine, and opened in iaola ted, and the 

1. technique. The common bile duct was ^ ^ 

„ pancreas visualized^ 2- ^ 

« collapse (BCA/Capp ^ ^ by 

» • t " M lie ooranon M l. duct usin 9 the 

18 injection into the c ^ 

„ technique described by Gotoh et al. ^ 

20 T.. Kiyozumi T., et «!•• 4< 

21 Jsol.tion of Mouse Pancreatic Islets. *^ 
» a«-438 198S), xfter S Binutes. the pancre 

22 PP- 436-438, i»»=' islet cell 

j 4.^ a sterile hooa xor 

23 trans erred t a steri ^ ^ ^ a 25>i 

24 isolation. = ri<s "*' , a discontinuous 
S5 F icoll »^ ( / 3 n % 1 TlJ and centred at .00 x 

26 F1C011 fortes islets which abated at the 21- 

f. '^ilT-. — Hank,s BOlution 

28 11* interlace The islets were 

29 and centred at «0 3 i-es ^ _ 

30 resuspended in RPM "« 

31 *or*> nedia-suPPle-nted ^ ^J?*^ anlnals 

32 and overlaid onto polymer scaffolds. rm 

33 TL harvested as donors as described above. 
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mvvc) antisera labelled to 
, fluoresce i^* 0 ^^ VI"Ldy . tor example, the 

3 the appropriate monoclonal Dembra nes. 

4 "\- Z *Jf are incubated at room temperature for 

5 sections. They chanber . Following rinses with 
. 30 Minutes in. with . g iyceral-PB S 
, PBS the sectxon ^ iJMOunof luotescen ce 

, mixture and ^ epi _ illU mination and a high 
microscope (Leitz) wi^n «t> 



9 """"Tmercury ^amP as the light source. 
10 pressure mercury J.a f for electron 

1X Electron microscopy: SMlples 



Slectron = - _ ^ ^ ^ ^ 

12 microscopy are in „ 0 smiu»tetro X ide . 

" " rtTin graded a ho" - - -on- 

14 dehydrated m gradea a plastic 
w one micron thicK sectio of S J aM , 

16 redded tissue are ^ 'XalLn sections made. ' 

17 Selected blocks are trim* cit rate, and 

. * u-ranvl acetate and lead citrate 

ia and stained with uranyx <*v, • 

18 ana s p ni nips 300X electron microscope. 

19 examined with a Phillips ne patocytes 

20 scanning electron .icroscopy «*> - 

21 are *^*^^ >e aPP^priate interval. 

22 they are incubate* xo ■ _. red £or SEM by 

23 M «r culture, samples flltttara ldehyde 

24 incubating in a 50.50 s ^ 

25 phosphate buffer solutio «« j « ^ „ 

26 then rinsed 4 times in PBS for 10 . aanples are 

27 r emo,e excess f*"^,^^^.--"* 
2, dehydrated using > r °° re " i " 1 * a in a critical 
3S solutions. S ° mple * is exchanged for liquid COi . 

34 vacuum in the scanning electron microscope. 
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a a chronic foreign body reaction to the 

1 phase and a chronx intensity of inflammation 

2 planted »°^ eTS ' tested: polyanhydride 

6 of either poly configuration 

7 ProPO « irr ::::: ^ e r ea of ^ ^ 

8 because of the gre»v«=j. 

9 material to host. implants in 

Histologic examination of liver ce v 
10 hxst:oj.«« ^^-pflsful engraftment of 

u 3 — - - su a 08 : u ™ 4 

12 hepatoses at . ^ „ fl nepato c y tes were 

» SMil "rrile oanalili between 

" membrane anT me areas demonstrated mitotic ^ 
15 membranes an inflammatory response 

il c^ers Toiler material - «an immediate!, 

19 adjacent to the cells. lnt<lst inal cells and 

Successful enoraftment °< * Histologic 
2l cluster, were observed « 3 anim ^ ^ 

findings were similar to a nep 

- — * ^ ;:.r; «— « 

st ructure appro^a^ 6^ ^ 

25 ™t 10) Microscopic examination 

" "* 7 A W eil Ti«e„ntiatad intestinal epithelium 

„ revealed -IX an ^ cellular debris 

oft lining the cavity wit-h « 

2S iiuxiiw -i^.-e ii # one wall of tne 

29 „ithin the lumen, showr . in Figure !i ^ 

30 cyst contained polymer fibers, dio 
?\n mfl torv cells immediately adjacent to the 
inflammatory- ^ wall inclu ded a 
intestinal epithelium. The o* 
oscular coating which suggested that the 
a small minced piece of fetal intestine as the origin 



22 
23 
24 



31 
32 
33 
34 
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2 
3 
4 



«eded with bovine aortic endothelial cells in 
! fibers seeded with mlara ting oft the 

- a biomatrix. The cells can be seen * ntation . 

poller into the matrix * Te a^ic endothelial 

. Figure 14 is a Photograph of BOnth in 

5 «ir attac ^rjrzz — - — 

6 eu " Ure - Taxability to do so depends upon the 

7 structure. Their ablli 7 ^ of 

8 environment in which they are plac 

th.v have undergone. In aaoi"° 

9 alteration they ha ^ ^ n vltro as 

10 the bile duct cells which «" enaotheli al cells 

w shown in Figure 6. tubule 
» attached « ^ ^ ^ eulture . As the polymer 

» StWtUreS 3 " L cells maintained their 
14 tibers resorted, the secre ted their own 

» orientation indicatxng that they ^^^^ 

16 matrix to maxn a* " ° p > oton icrogrph 

17 Figure 15 is a phas 

18 showing POlV-er fibers coated with 

» "broblasts The fibroblas * - ^i , _ the 

20 °" ^d'th £T indicates that cell-eel! 

21 culture dish. * j_,..i M d as they migrate 

22 orientation cues have been maintained 

23 °" th : io ^rr 6 CTphase contrast photomicrograph of 

24 Figure 16 i s a p fetaX fibroblasts. 

25 polymer fibers coated with mo the 

fibroblasts have migrated »« 

26 These fetal " b * attached at the bottom 

27 Poller through «- ^ rtos8 ^t a living 



„ 'of the tissue ^Z^ ^ 

29 tissue bridge has been created b 
- fiber and the tissue culture bottom 
fibroblasts,- indicating 



a tissue culture 

3 3°i ^1;::^ — rr 

These studies demonstrate that cells ot 
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To+--ir» and gum arabic 
, hou , X combined -^r^ — - 

2 was tes«d. Collagen coated p 7 ^ ^ 

3 covering the poW»r Llagen material overnight. 

ly ophiii,in 3 this P^«-;;^:: Mere immersed in 

5 sea coXXagen coated s P . A11 aa »ples were 

6 phosphate buffer f« - uniforB ity of coating. 

7 examined by SSM to using uv exposure under 
, m samples were steri ^ ^ a then 

41 Ce^xtSsSSfflSS&^S^- Hare examined by phase 

„ • cell polymer samples sample 

„ contrast microscopy and SBM ^ ^ by 

14 preparation "f^rgluteraldehyde^hosphate buf f er 

15 version in 50-.S0 2* 01 20 minute s wxth 
i S for 1 hour and then ^ ^ te , in 
17 phosphate buffer. «ff 8tions o£ ethanol 
M progressively i-""^ tor 2 0 minute- each, 
„ solutions (70*. 80 *' 90 *' ol ov ernight. dried by 

20 immersed in folate c02 mi co ated with 

21 crWi c«l Point drying with IK" 

SoW - ^«cation_oi^5flS£SsMS-32lfi£-£ Slla - 
24 young adult mice were le te chnigue. 

a midline abdominal ^"olaltd -d cannulated 1* 
36 The common bile duct was « ^ eolla9enase was 

27 a 30 gauge needle ooBBOn blle duct with a 

a8 slowly infused through the ^ be 

a9 clamp on the duodenum J ^ 

30 retrograde flow i«" * and al3es ted «i«* 

31 pancreas «as „. c . pancreas was 

32 collagenase -for « minu^s a ^ pancr eatic 

33 then washed with cold Ban* s^ ^ ^ ^ 

34 tissue passed thrown 
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, „f pancreatic cells aEd 
attachment P ^ „ eeks in cul ture. 

2 fibroblasts) on vicryl poi„»r coated with 

3 Maximum attachment occurs « ge iatin and 

4 crosslink or " °* £ \ hese cal i s to 

ve-rv little attachment o£ cnes 

: xr:;esrina - r:r;r ::r :rr::; 
: rurrii; — — — °° iiaaen - 
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T&ttLE II 



3T3 CELLS ON POLYORTHOESTER 



Polymer 

Control (untreated, with 

no cells) 
Untreated 
Agar (5*) 
Agarose (6.7%) 
Gelatin (11%) crosslinked 

Gelatin (11%) 11% 
crosslinked 

Gum arabic (11*) 
pH 4, 2 days 
pH 4, 5 days 
pH 4, 7 days 
pH7, 2 days 
pH 7, 5 days 

P H 7, 7 days 

P H 10, 2 days 

pH 10, 5 days 

pH 10, 7 days 



Attachment 

after_2_days. 

Some 
degradation 

1 
1 
1 
2 
4 

1 

1 

2 

1 

3 

4 

2 

4+ 

0 

4 



Attachment 

«f<-pr 5 dam 
Considerable 
degradation 



4+ 



4+ 



scale 

0 No viable cells 

! Minimal cell attachment 

2 Moderate cell attachment 

3 Good cell attachment 

4 Better cell attachment 

5 Excellent cell attachment 
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!N CULTURE (MIXTURE or 



Polymer 

Control (un treated, 

no cells) 
Untreated 

Agar (2%) 
Agarose (2%) 

Gelatin <U*> crosslinked 
Gelatin (11*) 

Gelatin (1.5%) crosslinked 
Gelatin (1-5*) 
Gum arabic (1-5%) 
Gelatin (1.5%) /Gum arabic 

(1.5*) crosslinked 
Gelatin (1.5%) /Gum arabic (1.5*) 

Collagen 

Collagen - phosphate buffer 
pH 4, 2 days 
pH 4, 4 days 
P H 7, 2 days 
pH 7, 4 days 
pH 10, 2 days 



attachment 

Little, if any 
degradation 



4+ 



4+ 



4++ 



scale 

0 No viable cells 

1 Minimal cell attachment 

2 Moderate cell attachment 

3 Good cell attachment 

4 Better cell attachment 

5 Excellent cell attachment 
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10 



«. rf of the P«« nt ^« tlon iS 619 7 
x Th e method o ft he P ivo and invitro. For 

a versatile and ^T^bedded in Matrix 

3 example. «U. o» three -dimensional or,an 

4 can be used to or applie ations . the 

5 structures ift to fit the cells so that 

6 polymer structure Is taxi . fl 6btained after 

7 the desired function and ^ pro iif eration 
, implantation, and so ^ in cell 
9 and function can successful sxowth and 

i0 culture. «>e "iteri tran8 pl.nt demonstrates 

U implantation is «t»» the . t ± . 

12 tunctional equivalency a functional 

„ replacina or «»»* leMn ""'; have to Ba nufacture renin 

14 kidney would not necessarily at£ecti ve dialysis 

15 as ion, as it ^° tl °" S " eQ 1oh BO iecular «ei,ht 

16 apparatus, removing concentrate fc functio nal liver 
„ materials from the blood* :ream ^ eoagiilation 
„ may only need to produce protei^ ^ ^ 

Ia ctors and excrete bile - ^ ^ omentum, the 

transplant could be nt 

fatty . ^j^rL^T^^ — - 

small intestine. * * ..—i-nts to sustain life, 
able to absorb sufficient eoWio „ ratber 

Tbis could be in the for- of calori 
jS than normal -foodstuffs". . live r or a 

-Secretory- — ° f 

27 pancreas can be made b ^ Mtiurtin3 . matrix. 

28 " le0t f ° """celfon ^'matrix, and implantin, the 

30 cell-matrix s^ mMfL ^J structure. 

31 vasculatioxvof the 19 , * orga ns« other 
As demonstrated ufling the metho d of 

33 than secretory organs can n ^ constr *cted 

34 the present invention. 
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5 
6 
7 
8 
9 
10 



lis are mors or less 

t 1-^; ° nle t 8 h S e ^edia. as shallow of a 

a equally exposed to th tni3 will not 

3 concentration .gradient as P pas8 age of 

4 occur. As the cells fro „ 

orients, wastes. fartnest froB the media 

becomes limited and the ~ ^ 

Traced on - underlying tissue so that 
mediately **°"* Batri x begins prior to any 

capillary growth into the ^ Mt 

i0 significant increase in cell 

u previously been a ~»»"^£ 0 Meonorpbo ,enesis hinges 

13 upon the ability of cell ^ c<al nass 

14 until vascular tha t solid implants of a 

15 occurs. It «as hypothesx ^ 

16 cell-matrix -f^^ed Ui~ by the Physical 

17 aeeded with cells are li» preS ently using 
lt constraints of diffusion ™£ ^ to pro duce • 
W complex natural "a" 10 "'"^ . eolla0 en gel that 
20 "organ equivalents . collagen. 
I appear, to be a hydrated solutionof ^ ^ 

22 «. following ^ e ^ ow t dif f - M of nutrients- to a 

23 hydrated collagen to alio* ox 

M cell P° p ^ atl ~- lary enQO th.lial cells were plated 
as Bovine tlssue eul ture dishes and 

26 in gelatin coated 24 we ^ ^ naB6er 

a7 flowed -;"«f 11 °; e ^: Allowing day the cells were. 

28 was 1 x 10' <= ells / m et ooX l.gen Type 1 at 

29 overlayed with ""^^Htandard volume of media 

30 a final solution of ^ ^ stance of 

31 was Placed over the ^ „ e dia was 

32 -rr*. I" o£ bovine capillary endothelium. 

33 optimised for growth ^ ^ seroB , 

Dulbecco * s minima-"- 



34 
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3 
4 
5 



4- that an implant of less 
X constraint,. One would expect that *»J^ 

a than 1 =»« ««"■ r : SU " t to a depth of 3-5 mm. 
periphery of <f '"f^ter of the 
However, the cells in the ce nut rition. 

. not remain -a- r — ;- n r L - ^vision 
6 a if fusion, .a veil as * tnickness es of .5-10 mm 

, lar 0 e flat gels with very ms 
, would allow larger ^ bave geometric 

9 two dimensional SO ™ ion It i8 aX so clear that 
10 constraints for ° . diffusio n would be more 

U by increasing cell densi y, ees would be 

« limited, and, therefore, the 

13 commensurately -^"^^ has bM n described with 
Xlthouahthis I" enbodiBents . varia tions and 

15 reference to spe ^ ^ construc tin g 

16 modifications of the » on matrlc es 

17 artificial organs by c ^ exp osure to the 

18 having maximized aar " environment will b. 

19 abounding nutrient-conta^ng^ ^ ^ ^ 

20 apparent to « e ^tended to come 

21 modifications and elaiM . 

22 within the scope of the a PP 
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-*iA cell-matrix structure 

1 host at the location where saxd cell 

2 is to be implanted. comprising 

6 The method of claxm 4 ^ 

3 ,., 4onal cell-matrix structures having 

4 implanting additional cell with the 

5 different cell populations in 

. fir8t -n^^ZrZ'^ 3 fur^er comprising 

I amoving l^cytes from the cell population ,rior to 

9 seeding- further comprising 

« The method of claxm -a* J 
10 n1a to alter the antigen expression on 

II modifying the cells to alter 

" **• °T ""tT'-U- o f claim * 

13 .elects cells - • «~ «p. »• «" 



14 



15 host's cells. further comprising 

in The method of claim 1 "" ne 

1 6 10 * — the oroup consisting 

17 P ro*idin, compounds ^*™^::J 3 , ^pounds . 
M of nutrients. J^^o.*.,.. inhibitors 

19 stimulatino angioaenesw . «» tactors , factors 

20 of inflation. ^f f erentiation. 

21 .timulatin* ^"'"^^rtti-ulatin, l^atic 

22 biolooically active molecule^ « ^ 

23 network Ingrowth, factors enhancing 

21 The method of claim 1 further comprising 

25 11- Toe "V _...rf.al. for the oroup 

26 selecting the biocompatible -ferial , 

27 consists «f ^"r::^! co»poLnts, a,ar. 
nolvclTCOlle acid, basement membrane eomp 

28 polyglyco ic> col ia B en types I, II. 

M IV and v. fibronectin. laminin. 

30 1*1/ xv ' mixtures thereof. 

31 ^o.a^noglycans ' -I- X wherein the 

" hloco.Uble material is selected from the .roup of 
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18 Th e «atrix of «1.±» 16 further ccnprisin* 
19. The matrxx or materials which 

: ««ui i. — r:,: 0£ 

8 enhance adhesion of cell ^ flum 

6 matrlx co-is-na ^ J"^;^. conaoens trpes I. 

7 arable, basement membrane m in _ aaminin. 

ttt TV, and v ' 

8 II. 111 ' x . mixtures thereof. 

, ^osamino^cans. a*d in aim "wherein the matri* 
10 2 0. The matrix of cifically contoured 

U is disc shaped and has P 

. ^ ce ii attachment- 
„ depressions for cell^ ^ ^ ^ 8ala natrix 

" is a fibrous -;-«; f claim 21 Khereln said fibrous 

i 1B ^"^..trix of daim 16 wherein said matrix 
f 2 is confined as spicules . ^ .^.^ 

26 • tected *r°. the O roup consist^ of 

24 compounds seleeteo co f actors, compounds 

25 nutrients, growth a J , inhi bitors 

26 stimulating anoiooenesis . xmm factors 

27 of inflammation. "'"f^ ^erentiation. 
2, stimulate """^^J" ^.uX.tin, l^atic 

iE concur™ to provide separate areas of attachment 



30 
31 
32 

34 forTells of different oriflin. 
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Growth Factors 

* basic FGF 

• E§E Growth Inhibitors 




FIG.4 
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FIG:li 



• ' •>•. ** -V -^l-- • I * 



F 1 6.12 
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FIG.I5 




FIG.I6 
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FIG.22a 
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